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One important aim in botanical science in recent years is to 
explain how the specific organization in plants is derived. Some in-
vestigations have been concerned primarily with the kernel or caryopsis, 
while others may have required extensive prerequisite knowledge of the 
developmental morphology of the individual organism. 
These studies begin with the investigations of zygotic constitution 
and development and the assumption of form and structure in the indivi= 
dual plant with the influence of genetic, physiological, intra-physical 
and external environmental factors. 
The purpose of the present study is to establish knowledge of the 
developmental morphology of the wheat embryo, not on:cy- the manner of 
development, but also the order and rate of development of tissue systems 
and organs in four standard varieties of hard red winter wheat. 
Such a study of normal comparative development in the embryo would 
serve as a starting point for investigations of malformation of various 
kernel types in numerous other varieties and in abnormal genetic straiD3 
of wheat and wheat grass hybrids. 
It is hoped that .this investigation might lead to a better under-
standing of wheat embryogeny and its relationship to other ontogenetic 
features of the caryopsis. 
1 
BEVlEW OF TBE LITERATURE 
The gross morphology of the embryo in grasses has been studied 
for over a centuryo The scutellum.; coleoptile, epiblast and coleorhiza 
have been studied as special categoriesG The homologies of these organs 
have been the subject of most discussions and investigationso 
Johansen. {14~ 'Mab.eshari (17), and Wardlaw (30) refer to S0uegl1:1 
work on~ &'ll'JJ.Ua Lo as indicating a fairly regular and representative 
type for the Gra.mineae., In other genera, the cell differentiat,ion pat-
terns~ be considerably less regularo 
Artschwager and McGuire (2) in their studies of reproduction in 
Sorghum yugare L., presented evidence of a conspicuous antipodal complex 
which was assumed to be more or less common to all grasses., The pre-
cocious development of' antipodals as compared to endosperm growth and 
the nucellar tissue was observed to persist as late as five d~s after 
fertilization., 
Several morphologists have studied fertilization and organization 
in the Gra.mineae; beginning with anthesis and protJeeding with the de-
velopment of the embryo proper., 
Sass C 26) has reviewed Randolph v s C 23) work on fertilization in 
Zea~ Lo 
Brawn ( 11) noted fertilization occurring in Avena sati va L. thirty 
L~gures in parenthesis refer to Literature Cited, page 240 
2 f 
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minutes a..fter pollination& Morrison ( 20) set six hours after anther 
dehiscenice for fertilization in some wheat ovuleso Wakakuwa (29) 
stated that within fifteen hours after pollination,, fertilization had 
occurred and that most fertilized eggs were in early prophaseo Per= 
cival (22) observed fusion of the male gamete with the female gamete 
between thirty and forty hours after pollination. Artschwager and 
McGuire (2) referred to Stephens and Quinbyts work with fertilization. 
They fou.nd fertilization to occur eight to ten hours after pollination 
The organogeny of the embryo has been studied in ,several repre= 
sentatives of the grass f'runily o Randolph (23) has shown the general 
cell shape of the zygote and the two celled stage in corne The small 
terminal cell Yas described as lens=shaped. He described it as dividing 
vertically or obliquely,> the later type of division leading to a tempo,;.. 
rary apical cello The subsequent divisions were described as irregularo 
The emb::ryo be~ame clavate,, narrow at the suspensor ~nd and showed a 
gradient of smaller cells in the terminal growing regiono 
In comparative studies of the embryo in ~.Y~I!9; §._at~ Lo,. ~ _!D.8,;ts 
Lo and l'.!:!~1:¥.!! ~~r,e, L.,, Avery (3) concluded that the homologies of 
the ventral scales,> scutellums and coleoptiles were similaro Averyns 
illustrations show the mature embryo of Zea.with five vegetative leaves 
==--.: 
covered by the coleoptilea> AY~a§: with twojl and J'gticum with three or 
fouro 
In l'l'ili~ Jrn!g,~~, Lo McCall (16) co~idered that organogen,y could 
best be understood by comparisons of relationships of organs and tissues 
in the mature plantso 
Randolph (2.3) showed a rapidly enlarging pear=shaped embryo,..sac in 
the nucellar tissue and the small linear proembryo lying obliquely on 
the anterior side of the ovary. The proembryo was described as a 
clavate-shaped structure after enlargement with well defined cells of 
different gradationo The proembryo vas largely an undifferentiated 
club-shaped structure up to the seventh d~ following fertilization. 
The eighth d~ changes were rapid and the differentiation of a tunicate 
layer of cells was formed over the distal region and extended down and 
over the suspensoro These peripheral cells divided both anticlinally 
and periclinally. The corpus cells divided in irregular planeso 
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Growth was more rapid in the distal lobe and a zone of cells in a 
lateral position on the anterior side of the proembryo gave rise to the 
anterior lobe of the scutellum. The rapid enlargement and differentia-
tion on the upper posterior side of the embryo resulted in the initia-
tion of the plumule axiso The suspensor region ceased growth soon after 
the differentiation of the radicle and it persisted for a short time as 
a vestigial organo The coleoptile was first observed as a small· ridge 
of cells that developed around the- shoot- apex~· The- first vegetative 
leaf was initiated as a single ridge of tissue on the opposite side of 
the apical meristem. r-.Fhe apex eventually produced three to five aa. ... 
ditional leaf primorida. 
Due to the present status of auxin studies, the coleoptile has 
received special emphasis and has been re-interpreted by many different 
authorsg Randolph (23), Sargant and Arber (25), Merry {19)., Percival 
(2?)si and Avery (3 ). Previous morphological -studies- of the embryo in-
Tr1iticum vulgar~ Lo do not pre sent a precise tthde~s:t.Anding .~f. the cyto-
morphogenesis of the earlier stages of de~lopment o Wakakuwa (29) made 
a study of morphological development in reciprocal crosses of inter-
specific hybrids of Triticumo In this study, he referred to Sax (1918) 
as being the first investigator to demonstrate dFble fertilization in 
wheato WakakuwaR s studies wex;e based on interspecif'ic crosses between 
Io spelta Lo~ Io polonicum. Lo and !o aegilopoides Lo The development 
I 
following synga.nzy- and endosperm formation was presented by the author 
in successive stages of' developmento 
Morphological comparisons have been ma.de of comparative embryo 
!'' ' 
development in many inbred and hybrid crosses in the Grami?U:,ae by,fair-
5 
child (13)~ Martin (18), Naragunaswam;i. (21) 1 Stein (27) and Kennedy (15)o 
MATERIALS AND METHODS 
The plant materials for this study were obtained from standard 
varieties of wheat grown under ordinary field conditions at the Okla-
home Agricultural Experiment Station, Stillwater, Oklahomao 
Four standard varieties were selected as the basis of the present 
study because of their use in the wheat breeding programo The varieties, 
cereal identification numbers and chromosome numbers are shown in Table Io 
TABLE I 
FOUR STANDARD VARIETIES OF TRITICUM VULGARE L., AND 











*Accession numbers are those of the Division of 
Cereal Crops, United States Department of Agri-
cultureo 
Field investigations of the growth rate of inflorescences were 
determined, and prior to fertilization, plants of approximately the 
same maturity were tagged for future selectiono This method per-
mitted random selection among uniform age groups in the four varietieso 
6 
7 
Two spikes per variety were collected at intervals of approximately 
three dayso Inflorescences were collected almost entirely between 1:00 
and 3:00 ao moj promptly brought to the laboratory where the ovaries 
were excisedj killed and fixed in a Craf III formula, 
The ovaries were dissected in a mesipital manner 1 eogo beginning at 
the center of the spike and collecting ovaries in both directions. This 
method was an aid in collecting older ovaries as well as younger ovaries 
in either direction from the central position in the i:n.florescence in 
each sampleo 
At least six ovaries were collected from each spike in this manner 
in order to obtain an adequate range in size and age, Ovaries selected 
after the period of starch deposition were first placed in a solution of 
2% sodium sulphite and 2% lactic acid to soften the starch granules which 
were beginning to form in large numbers and to become hardenedo These 
starch granules caused tremendous damage to sections during the micro= 
taming operation and were difficult to handleo Material for microscopic 
study was processed in a Dioxan=n=butyl alcohol dehydration series and 
embedded in paraf'fino The addition of stain to the series aided in the 
selection of sagital sectionso 
Paraffin sections 10 to 12 microns thickJ depending upon the age of 
the caryopsis, were prepared and stained with a modified Flem.ming 0s 
Triple Stain for visual study and photomicrographyo 
Morphological Description of Varieties 
Blackhull~ Plant winter habit, midseason, midtall; stem white, 
.midstrong; spike awned, fusiform, middense 1 inclined; glumes glabrousJ 
white, usually with black stripes, m.idlong, midwide; shoulders wanting 
8 
to narrow, oblique; beaks 1 to 3 mmo long; awns 3 to 8 cmo long, some-
times black; kernels red, midlong, semihard to hard, usually elliptical; 
germ small to midsized; crease narrow~ shallow; cheeks rounded; brush 
midsized, midlong, after Bayles and Clark (4)o 
Comancheg Plant winter habit, early to midseason, short to mid-
tall; stem white, midstrong; spike awned, oblong, middense, inclined; 
glum.es glabrous, white, short to midlong, midwide; shoulders narrow, 
wanting to elevated; beaks narrow, acuminate, 5 to 15 mm. long; awns 3 
to 8 cmo long; kernels red, short to midlong, hard, ovate; germ midsized; 
crease midwide, middeep to deep; cheeks angular; brush midsized, midlong, 
after Bayles and Clark (4) o 
Pawnee; Plant winter habit, early, short; stem white, strong; 
spike awned, fusiform, middense, erect; glum.es glabrous, white, short 
midwide; shoulders narrow to wanting; beaks narrow, acwni:nate, 3 to 5 mmo 
long; awns 3 to 8 CID.a long; kernels red 9 short hard 9 ovate; germ midsized 
to large; crease midwide, middeep; cheeks rounded; brush small, midlong, 
after Bayles and Clark (4)o 
Concho: Plant winter habit, medium early, short to midtall, stem 
white midstrongJ spike awned 9 laxj fusiform 9 medium to largeo Spike 
awnedo Middense» inclined; glum.es glabrous 3 bronze to brown, short to 
midlongj midwide; shoulders narrow, wanting· to elevated; beaks narrow, 
acuminate, 5 to 15 mmo long; awns 3 to 5 cmo long; kernel red, short to 
midlong, plump; germ midsized; crease midwide, middeep to deep; cheeks 
angular; brush .midsizedy midlonJ2o 
L2ora1 Communication by Dro Ao Mo Schlehuberj Small Grains, 
Agronomy Department, Oklahoma. State Universityo 
RESULTS 
Organization of the Mature Embryo Sac 
At the time of fertilization the ovule is about 1 mm.o long" It is 
narrow radially and broad in the dorsivential planeo The embryo sac is 
somewhat pear-shaped, with the broader end nearest the micropyleo The 
young egg cell is globular to sphericalo (Figure 4)o As it increases 
in size it becomes balloon-shapedo Morrison (20) refers to the egg 
cell as being easy to identify due to small shiny bodies (fat globules)" 
The nucleus is large and near the center of the cello The cytoplasm 
is somewhat vacuolated and dense. 
The synergids stand out as pear-shaped? to elongate~ or tear-
shaped. Sometimes they appear to be attached at some distance from 
the micropyle by a thin cytoplasmic strand. The cyto.plas.m is dense 
and alveolar; the nuclei are large and have prominent nucleolio In 
some mature embryo sacs the synergids appear to shrink as the egg cell 
increases in sizeo (Figure 25)o 
The polar nuclei are usually found in close proximity to the egg 
cello Both polar nuclei stand out as two complete cells with distinct 
cytoplasmo (Figure 25)o Fusion of the polar nuclei occurs just prior 
to fertilization or briefly afterwardo Fusion of the polar nuclei was 
not often observed in all the materials analyzedo They are usually 
larger in size than the synergidso 
An antipodal cell complex has been assumed to be comm.on to the 
grasses. The migration of the polar nuclei to the center of the embryo 
9 
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sac coincides with mitotic divisions of the antipodals which are located 
at the chalazal pole of the embryo sac\\ Nuclear di vision in the anti-
podals is followed by cytokinesis~ which results in a network of anti-
podal tissue that col11.pletely fills the chalazal end of the embryo sa.eo 
As the embryo sac enlarges the antipodals increase in number and some-
times appear to be free .floating cells within the embryo saco (Figures 
25 and 26 )o 
Many antipodal cells appear to have as many as four nuclei" The 
nuclei are smaller than the egg cell nucleuso The cytoplasm of the 
antipodal cells is dense and it stains very intens~lyo 
Degeneration of the synergid cells was noted about five days after 
fertilizationo This is not common in Sorghum Artschwager and McGuire 
(2) in which the synergids are shown to degenerate prior to fertiliza-
tiono Disorganization of the antipodals deviates from that of Sorghum 
also~ the antipodal nuclei in Sorghum disorganizes prior to fertiliza-
tion while in Triticum the antipodals may be found as prominent struc-
tures with nuclei five days after fertilizationo As many as thirty-six 
antipodal cells have been counted crowded in the chalazal end of the 
embryo saco The disorganization of the antipodal cells is gradual as 
the nuclei appear to dissolve awayo 
Fertilization 
The sequence of events relating to the fertilization process in 
Triticum from the time of pollination to the initiation of embrogeny 
and endosperm development has been described by Wakaku:wa (29.), Percival 
(22)., Morrison (20)j) Avery (3) 1 and Brenchly (10~ · The morphological 
and cytological det~ls of fertilization were outside the scope of 
this investigation, but the time factor in relation to synganw and the 
ll 
beginning of kernel development were carefully studiedo The materials 
selected for this investigation were chosen at random from test plots 
and therefore an.thesis and pollen germination were not studied in 
detailp but observed at each collection periodo The pollen is thought 
to germinate almost immediately after it reaches the style o Microscopic 
examinations of ovaries collected in conjunction with anthesis showed 
the mature sperm nuclei entering the micropylar opening in the more 
mature ovules o (Figure 26) o 
Post.fertilization Development 
The newly fertilized egg contains two nucleolip one larger than the 
othero Either fusion of the two nucleoli occurs or the dissolution of 
one occurs shortly after fertilization, for only one nucleolus is pre-
sent when primary endosperm-development is initiatedo 
The zygote and the primary-endosperm. nucleus do not divide imme-
diately after fertilization; they- undergo a brief rest periodp which is 
usually shorter for the endosperm. nucleus but may be of considerable. 
duration for the zygoteo 
During the rest period:, general growth processes in the embeyo sac 
and elsewhere in the ovule are continuedo 
A filiform apparatus appears in Triticum, as it also does in 
Sorgh~, spreading out in a fan=like structure and coincident with the 
disintegration of the synergidso Since the nuclei may degenerate in the 
antipodals, the cells do not continue to enlarge but their walls thicken 
appreciablyo They- remain near the chalazal end of the embryo sacc As 
the endosperm develops the antipodals a.re crowded out into the disinte-
grating nueelluso They- usually disappear before the endosperm reaches 
the distal end of the embryo saco 
12 
Each variety was carefully analyzed and studied for the initiation 
and orientation of organ categorieso Interpretations were made through 
developmental histologyo (Table II)o 
The dates of collections were predetermined to establish patterns 
of development for this geographical areao Fertilization was established 
in each variety and the periodic collections were expressed in days after 
fertilizationo A histology code was devised and used to derive a median 
stage of morphological. development within each varietal colJ.ectiono 
Each collection was uniform as to sample., 
Each periodic collection$ for each variety$ was analyzed for one of 
the twenty=eight morphological characters assigned., The characters were 
arbitrarily selected .. 
Zygotic Division 
The first division of the zygote is transverseo The cell divides 
into two equally distinct cells., The terminal cell is dome-shaped while 
the basal cell tapers to a point on the distal end., Thence the basal 
.cell divides by a transverse divisiono Thus the initial divisions of 
the zygote are basipital in order of cell divisiono The fourth division 
occurs in the terminal cell and the new wall is vertical., 
-
A zygote is present in each of the four varieties within a three 
day interval between May' 9 and May 120 (Table II)o The first division 
of the zygote occurs within two days after fertilization in all four 
varietieso A distinct elongation of the zygote occurs previous to the 
first division giving the zygote a balloon sha.peo (Figure 8)0 
T.A.BLE~II 
COMPARATIVE DEVELOPMENT OF FOUR STANDARD VARIETIES OF TRITIGUM 
Days .A.f ter Collecting• . 
Fertilization Dates Concho 
May 9 '2 
12 .3., 7 A 
2 14 8.., B 
5 17 8;, 9,, 10 B 
7 19 89 9,, 10,, 
11,, 23 
9 21 14,; 18.., 15,, 
12 C 
12 24 17.., 19.., 120 
14 26 17,, 22,, 16 
17 29 249> 22 






1,. 2., 7;, l 
10 A 
7;, 10., 1 B 5;, 4,, 6 A 
8., 10,, 9,, 8.,, 9,, B 
16 B 
9, 8,, B 10;, 11 
14,, 2.3 J) 11,, 8;, 14;, 15,i 
15;, 12 C 18,, 12 C 
12;, 15/p 18.., 14, 20.., 22,. 
22 C 17.i 15 C 
22,, 24,, 14,, 24., 14,, 16., 
19jl 16 22., 20 
17 17,, 145> 21., 
22 








23,> 1.3,, n,, 
12 C 
14,, 15,, 16.., 
22., 17 C 
24,, 22., 20 
21,, 25 
. . Hi1?tology . Code 
· · lo :Mature embry0=saG 
2o Fertilization 
3o Zygote elongation 
4,, Zygote division 
5 .. 4 Cell stage 
6., 8 Cell stage 
7 .. 16 Cell stage 
Bo 3Zf Cell. stage 
9 o Protur..ica.te layer 
lOo Coleoptile initial.a 
llo Coleoptile groove 
120 Radicle initials 
13_, Scutellar initial.is 
14,, Scutellum.enlongation 
15 o Epiblast 
16 o Ventral sea.le 
17., Seminal roots 
180 1st Foliage leaf 
190 2nd Foliage leaf 
20., 3rd Foliage leaf 
21,, 4th Foliage leaf' 
220 Vascular traces 
23,, Posterior lobe 
240 Mature radicle 
25., Mature embryo 
A,, .Free endosperm 
Bo Endosperm cell waJ.ls 




The morphological development of the proembryo in wheat is not well 
understoodo The two to four day proembryo undergoes expansion by mitotic 
divisions which produces a small cellular clavate structureo (Figure lO)o 
This clavate-shaped proembryo soon elongates and pushes its way up 
into the nevly formed endosperm tissueo (Figure 9)o The proembryo 
develops a distinct layer of protunicate cells within five days a.:f'ter 
fertilizatione (Figure 22}o These cells are elongate and one cell layer 
in thicknessc This layer covers the terminal dome and extends do'Wll over 
the suspensor completely surrounding the proembryoo The protunica. 
divides anticlinallyp giving rise to a continuous tunicate layero The 
inner procorpus cells are more isodiametric in shape and divide in random 
planeso 
Scutellar Initiation and Coleoptile Initiation 
Many five day proembryos begin to develop a prominent bulge on the 
anterior sideo The bulge is first noticeable as a meristematie zone of 
heavily stained cells in section, in the area of initiationo (Figures 
15 and 16)o The underlying corpus cells divide rapidly near the bulge 
and appear to be crowded together in a small area adjacent to the tunica 
layero The tunica layer becomes extended by the internal cell divisions 
and a small primordium becomes apparento (Figure 22)o 
The proembryo slows in its enlargement a.:f'ter the coleoptile primor-
dium is initiatedQ 
Samples collected seven to eight days a.:f'ter fertilization show his-
togen activities within the annular primo3'.dium. of the coleoptileo This 
zonal activity produces the shoot apex primordium.vhich gradually incre-
ases in sizeo A portion of this zone becomes the first foliage leaf. 
Leaf initiation is discussed in a later subsectiono (Figure 13)o 
The scutellum is initiated in the distal end of the proembryo 
within nine days after fertilization in all varieties. (Table II)o 
The scutellar prim.ordium is first evident as a zone of darkly stained 
cells which undergo rapid meristematic division. This primordium is 
above and adjacent to the annular meristem of the coleoptile. 
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The protunicate layer differentiates a prominent distal peak, and 
the meristematic differentiation continues to form a scutellar plate 
which has a peripheral meristemo The scutellar primordiwn grows rapidly 
and the lateral margins fold in toward the anterior side 1 eventually 
partially enwrapping the embryonic root-shoot a.xis. 
Radicle Initiation 
The suspensor region probably serves the embryo as a nutritive and 
anchorage tissue. It may act as an area for the transfer of nutrient 
materials~ however, this function has not been demonstrated other than 
the observation of differential staining effects and the tendency for the 
suspensor cells to become more vacuolateo At the time of scutellar ini-
tiation a meristem.atic zone in the central region of the posterior lobe, 
begins to developo A saucer-shaped layer of cells becomes evident and 
the initiation of the radicle followso A cleavage line is evident very 
earlyo (Figure 27)o The cells along this line are elongate and occupy 
the outermost cell layer of the newly formed radicle (dermatogen=periblem 
initials)o A histogen zone comprised of calyptrogen, dermatogen, plerome 9 
and periblem is formedo The cleavage line separates the radicle from 
the lower mass of the suspensor and it becomes the coleorhizao (Figure 
23). 
16 
Epiblast and Ventral Scale Initiation 
The epiblast is present in all four varieties and is apparent nine 
to twelve days after f'ertilizationo (Table II). This small vestigial 
outgrowth is a prominent organ and is initiated in the region of the 
coleoptile node below the coleoptile. (Figure 17). Its function is 
unknowno 
The ventral scale appears in cross section as a small prominent 
extension just below the terminal apex of the scutellum.. It is present 
in all four varieties fourteen days after fertilization and was observed 
in Pawnee twelve days after fertilizationo (Table II). 
Seminal Roots and Provascular Strands 
Two lateral seminal roots are present at maturity in all four 
varietieso The seminal roots are initiated in a region below the coleop... 
tile node and the endogenous primordia extend downward toward the region 
of the epiblasto Anastomizing vascular traces in the coleoptile node 
a.re continuous with those in the ra.dicle and seminal roots.. A prominent 
root cap is also present on the seminal root primordium. as well as on 
the ra.dicleo (Figure 23 ). 
Provaseular strands are evident in all varieties within twelve to 
fourteen days after fertilization. (Table II)o They first appear in the 
region of the coleoptile node and extend up into the scutellumo As the 
ooleoptile emerges and the foliage leaves are formed~ vascular traces 
are differentiated in the new leaves before forma.ncy occurso The pro-
vascular strands elongate and undergo differentiation to form the per-
manent vascular tissue following germination of the seed. (Figure 17)o 
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Initiation of Foliage Leaves 
The foliage leaves are derived from meristematie divisions in the 
shoot apex simultaneously with eoleoptile initiationo The corpus cells 
of the shoot apex divide rapidly and produce an annular ring of elongate 
cells on the shoot apex which produce the foliage lea.fo New leaves are 
initiated ''i:tl.Jaeropetals,. distichous:c,,oi,deir:i·on,,the.shbot aP!=lx.,. 
The first foliage leaf is initiated between the ninth and twelfth 
day af'ter fertilization in all va.rietieso (Table II)o The second foli-
age leaf' was observed in Comanche at fourteen days, and in Concho at 
fifteen days after fertilizationo The third foliage leaf is present in 
Blackhull and Pawnee fourteen days after fertilizationo The fourth 
foliage lea.f was not evident until seventeen to twenty days after fer-
tilization in all four varietieso (Table II)o The shoot apex contains 
four primordial .foliage leaves in the mature emb:ryoo Four foliage 
leaves are present in all the varieties studiedo 
The embryo of Concho and Comanche possess all the mature morpholo-
gieal characters sho\.lll in Table II within twenty days after fertiliza,.., 
tion/;3 (Figures 17 and 18) o Several morphologically mature . embryos 
were noted in Pawnee seventeen to twenty days after fertilizationo 
{Figure 19)o The mature morphological features did not become evident 
in BlackhuJ.l until twenty-two days after fertilizationo (Figures 20 
and Table II) o 
Endosperm and Starch Grain Formation 
The endosperm begins to form immediately after fertilization with 
several successive divisions of the endosperm nueleuso At first a thin 
L3Maturity characteristics are based upon the number of foliage 
leaves~ vascular traces~ radicle and seminal root development and 
endosperm compositiono 
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cytoplasmic strand fills the embryo saco This strand contains many free 
nucleio The cytoplasm is more dense near the zygote and more free nuclei 
are adjacent to the zygoteo As the zygote divides and differentiates 
into the proembryo the nucellar tissue rapidly breaks down and is re-
placed by the expanding free nucleate endospermo (Figure 6)0 From 
two to five days after fertilization,11 the endosperm nuclei adjacent 
to the proembryo begins to differentiate and form cell walls.. Within 
seven days, endosperm cell walls are evident throughout the rapidly 
expanding tissueo {Table II)o (Figure 24).. Starch granules were 
noted in the endosperm five days after fertilization and were observed 
to persist in large numbers up to seven d837's after fertilizationo 
(Table II) .. 
Abnormal Embryology 
Only one abnormality was evident and clearly defined during this 
course of study., This abnormality was observed in a mature embryo of 
the Blackhull varietyo The epiblast which normally may be ~ppressed to 
the cotyledonary node or extending away at a small angle from the node, 
was found to be growing back into the region of the cotyledonary node 
as shown in Figure 210 This is a near median section and exhibits 
morphological characters otherwise normal in the mature embryo .. 
DISCUSSION 
The fertilized egg cell divides transversely to form a two-celled 
proembryoo The basal cell divides again in a transverse plane. The 
third division takes place in the apical cell and is vertical. 
Early embryogeny in Triticum has been described as basipital as 
observed in several grasses; Randolph (23), Abbe and.Stein (1) Zea 
~; Avery (J) Avena sati:va; Artschwager and McGuire (2) Sorghum 
V,Yl~; Cannon (12) Avena fatua; and Wakakuwa (29), Percival (22), 
Morrison (20), and Redel (24) Triticum vulgare. 
The young proembryo becomes clavate shaped in structure and re-
.mains clavate for a period of three to five days after fertilization. 
In this study four varieties of hard red winter wheats were 
selected for comparison of histogen initiation and morphologically 
distinct characters. Each variety was compared in Table II by means of 
a morphological development range based upon histogen and organ initiation. 
Fertilization for all four lines studied was observed to occur 
between May 9 and May 12. (Table _II). 
After a period of two days following fertilization, the first divi-
sion of the zygote usually has occurred and the free endosperm nuclei 
are present in the embryo sa~. 
Morrison (20) has stated that there are from one to four cells pre= 
sent in the proembryo two days after fertilizationo Brenchly (10) states 
that the first division does not occur until five days after pollination. 
Percival (22) described the divisions of the zygote to be from forty to 
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fifty hours after pollination and that they may possibly be due to atmos= 
pheric conditions and temperaturea Wakakuwa (29) observed the two=celled 
proembryo at twenty-four hours after fertilizationo 
The free nuclei of the endosperm appear soon after fertiliztion as 
a prominent cytoplasmic halo almost completely surrounding the new zygote 
which grows out gradually int~ the nucellar tissu.ea 
As the endosperm expands the nucellar tissue is gradually broken 
down and replaced by the thin line of cytoplasm with free nuclei of the 
newly formed endosperm.a The endosperm nuclei are numerous nearest the 
zygote anq. may possess several nucleolio Morrison (20) states that the 
free endosperm nuclei ar·e mi totica.lly synchronized to some degree, and 
that most free nuclei are always in the same stage of mitotic: divisiono 
A careful analysis of endosperm cells was not a part of this studyJ how= 
ever most endosperm cells enc:010mtered in the earliest phases of develop-
ment were in the same relative mi'totic: stages0 The transitional phase 
from the milk stage to starch formation with the addition in mass of the 
endosperm Caell walls and thick starch granules is :relatively the same as 
that proposed by Bradbu:ryj Cull and McMasters (7,8) in studies analyzing 
the baking and milling quality of hard red winter wheatsa 
The starch granules appear within five to seven days after fertili-
zationa (Table II)o The starch granules become larger and eventually 
fill the isodiam.etric endosperm cells and squeeze the endosperm nucleus 
into a small star=shaped structure occupying a small position in the cello 
Bradburyj C\\llU» and McMasters (6,7,8J9),- Thompson (28) and Bessey (5)o 
The proemb:ryo remains as a relatively undifferentiated clavate 
structure up to the seventh day following fertilization which is in agree~ 
ment with Randolphns (23) study on Zea; Wakakuwa0s (29) and Percival 0s 
(22) analysis· of wheat varietieso 
The coleoptile is initiated from the upper anterior side of the 
clavate proembryo as a result of meristematic activity.s, within seven 
days after fertilization., (Table II)o The plu:mule axis {shoot apex) 
develops rapidly initiating the floral organs in an acropetal, dis-
tichous order on the shoot apexj) which results in the morphological 
development ?f four foliar leaves in all mature varieties studiedo 
The organogeny of the scutellum is well understood .in~ as de-
scribed by Randolph (23) and appears to be initiated in a similar way 
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in Triticum with one exceptiono In.~·the lateraJ. margins of' the 
scutella.r primordium completely enclose the root shoot axis and may over 
lap., This morphological character is observed in cross-sections of 
Triticum as lateral margins folding inward enwrapping the root-shoot 
axis but not. forming an embryonic enclosure., The distal lobe gives rise 
to a meristematic zone which elongates and produces a rudimentary coty-
ledon {scutellum = ?)o The ventral scale is initiated near the terminal 
apex of the scutellum within twelve to fourteen days after fertilization 
in all four va.rietieso (Table II)~ 
The radicle initials are evident as a saucer-shaped zone of meriste-
matic cells near the base of the proembryo and are endogenouso It is 
initiated at the same approximate time as the scutellumo 
Seminal roots are evident, near maturityr; in the embryo and appear 
to be initiated from meristematic areas adjacent to ~he eotyledonaxy nodeo 
Three seminaJ. roots are evident in ~ Randolph (23) but only two 
lateraJ. seminal roots are evident in Triticum a.t maturity., 
The rapidly maturing emb:iryo possesses vascular traces twelve days 
after fertilization in all £'our of' the varieties eomparedo Vascular 
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traces are prominent in the mature foliage leaves and the scutellum in 
early initiation phases.o The anastomising of vascular traces is evident 
in the cotyledonary node at :maturity and join the ra.d.iole., seminal roots, 
scutellum., and foliage leaves .. 
SUMMARY 
An embryologiical study by comparative methods was carried out on · 
four standard varieties of hard red winter wheato A histologicaJ., 
account is given of the developing embr,yoo 
Each variety was carefully analyzed for twenty-eight morphologically 
distinct £eatures and they are presented in table fonn0 
The histogen initials in the shoot and root apices are discussedo 
The organogeny of tissue systems is tabulated in terms of d~s after 
fertilizatione The resulting conclusions are almost identioaJ. for 
development of organ categories and tissue systems in other related 
grasses (~P Sorghum and Avena)o 
Embryo maturity is reached in aJ.l four varieties within twenty-two 
d~s after fertilizationo The varieties Concho, Comanche and Pawnee 
mature two to three dqs earlier than Blackhullo This information is 
substantiated by the anacysis of each variety at field maturity o 
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Figo 1 Transverse section of terminal antipodal eomplexo (.320X)o 
Fig. 2 Transverse section of antipodal complex sectioned at 10 microns 
below Figo lo (.320X) o 
Figo .3 Transverse section of antipodal complex sectioned at 10 microns 
below Figo 2o (320X)o 
Fig .. 4- Transverse section of the egg cell in position near the micropyle 
with surrounding nucellar tissueo 
Antipodal complex {a); egg (e); nucellar tissue (n); embryo sac 
(es)o 
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LEGEND FOR PLATE I! 
Longitudinal section of the embryo sac of Blackhull with a 
zygoteo (320X)o 
Figo 6 Longitudinal section of the embryo sac of Concho 'With a 
zygote and free endosperm nucleio (320X)o 
Fig., 7 Longitudinal section of the embryo sac of Comanche with a two-
celled proembryo and free endosperm nucleio (.320X)o 
Figo 8 Longitudinal section of the embryo sac of Pawnee with a zygoteo 
Note that zygote possesses a projected suspensor connecting 
with the mieropyleo 
Zygote (z); free endosperm nuclei (fe)o 
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Pl.ATE 
IEGEND FOR PLATE III 
Figo 9 Longitudinal section of the proembryo of Pawnee with endosperm 
eell walls forming, five to seven days after fertilizationo 
(74X)o 
Figo 10 Longitudinal section of the proembryo of Blackhull five dey-s 
a.t'ter fertilizationo Note that free endosperm nuclei are 
evident at this stageo (74X)o 
Fig o 11: Longitudinal section of the proembryo of Concho with endosperm 
cell walls presento Five to seven dey-s after fertilizationo 
. (74X) .. 
Fig .. 12 Longitudinal section of the proembryo of Comanche with endosperm 
cell walls present.. Seven dey-s after fertilization.. (7.liX) .. 




LEGEND FOR PLATE IV 
Fig .. 1.3 Longitudinal section of embryo of Blaekhull showing coleoptile 
and scutellum initiation.. (74X)o 
Fi.go 14 Longitudinal section of proembryo of Comanche with initiation 
of coleoptileo (74X)o 
· Fig .. 15 Longitudinal section of proembryo of Blackhull showing elonga-
tion.of supensor and meristematie zones and the initiation of 
eoleoptile lipo (74I)o 
Fig .. 16 Longitudinal section of proembryo of Concho showing elongation 
of suspensor and meristematic zones of initiation of eoleoptile 
lipo (7,4X)o 




LEGEND FOR PLATE V 
Figo 17 .Longitudinal section of mature Concho embryoo (3.3I)o 
Fig .. 18 Longitudinal section of mature Comanche embryoo (33X)o 
Figo 19 Longitudinal seetion of mature Pawnee embryoo (.33X)o 
Fibo 20 Longitudinal section of mature Blackhull embryo .. (3.3X)o 
Seutellum ( sc); coleoptile ( e); epiblast ( ep); ventral scale 
(vs); scutellar node (sn); radiele (r); scutellar traces (st); 




LEGEND FOR PLATE VI 
Fig .. 21 Longitudinal section of BJ.ackhull embryo. The epiblast in this 
near median section is abnormal and is growing back into the 
region of the coleoptile node., (74X). 
Fig., 22 Longitudinal section of proembryo with prominent coleoptile 
bulge" Note the one cell tunic a layer surrounding the pro-
embryo.. (320X)" · 
Fig .. 23 Longitudinal section of embryo showing mature radicle and seminal 
rooto (320X) .. 
Fig .. 24 Longitudinal section of endosperm cell developm.ento Note cells 
nearest the micropyle and proembryo are first to derive cell 
walls.. {320X) o 
Mature radicle (r); seminal root (sr); eoleoptile bulge (cb); 
tuuica (t); corpus (c); epiblast (ep); endosperm cells forming 
cell walls (ec)o 
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LEGEND FOR PLATE VII 
Figo 25 Longitudinal section of embryo sac 10 microns below Figo 260 
Note large synergids antipodals and dark staining polar nucleio 
Figc 26 Longitudinal section of embryo sac with egg and antipodal 
complexo A small fusion body is present in the micropyleo 
(320X)o 
Fig o 27 .. Longitudinal section of embryo showing radicle initials o 
Egg (e); antipodals (a); synergids (s); polar bodies (p); 
micropyle (m); fusion body (fb); radicle initials (ri)o 
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Pl.ATE 
LEGEND FOR PLATE VIII 
Figo 28 Longitudinal section of mature caryopsis of Concho. (Xl5)a 
Fig. 29 Longitudinal section of mature caryopsis of Com.ancheo (X15)o 
Figo 30 Longitudinal section of mature ca:ryopsis ,f Blackhull. (Xl5) .. 
Fig .. 31 Longitudinal section of mature earyopsis of Pawnee. (X15). 
Embryo ( e ) ; endosperm (en) ; pericarp ( p). 
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